Introduction
The mechanisms underlying the long-term non-progression observed in many subjects with HIV-2 infection are yet to be elucidated and could be attributed to viral factors [1] , host immune factor and/or the ability of the viruses to induce an effective immune response [2] . Comparative adaptive immune response studies have suggested better qualitative response in HIV-2 infection than HIV-1 asymptomatic infections [3] [4] . We have shown that effector NK cells, which are one of the key components of the innate immune response, have enhanced function in asymptomatic HIV-2 compared to HIV-1 individuals [5] . This may contribute to an effective immune response which results in prolonged stable CD4 + T cell counts and a healthy state. Activated natural killer cells provide the first line of defence in the early stage of viral diseases including HIV infection [6] and function by secretion of antiviral soluble factors or kill infected cells. Though natural killer cells are not MHCrestricted, its functions are mediated through the binding of a pattern of receptors specific for MHC Class I molecules and other unidentified ligands. The binding of these receptors can transmits inhibitory signals to NK cells, thus making them non-functional. The inhibitory receptors are not engaged during down-regulation of MHC or altered MHC Class I expression as observed during HIV infection [7] , permitting the activation of NK cells and subsequent lysis of their target cells. Such cytolysis is mediated through the perforin, granzyme B or Fas lytic pathway [8] , or by antibody-dependent cell cytotoxicity through CD16 receptors expressed on NK cells [9] . The difficulty in demonstrating in vitro NK lysis of autologous naturally HIV-infected targets [10] has made it possible to use NK-sensitive cell lines such as erythroleukemia cells (K562) [6] [11] . However, subsequent works have employed techniques that showed lysis of primary CD4 T cells by NK cells [12] [13] .
The receptor engagement mechanism for sustainable effector functions of NK cells is complex and it is not known to what extent there are simultaneous expressions of activating and inhibitory receptors during an ex vivo activated NK cell function. The commonly reported activating natural cytotoxicity receptors (NCRs) include NKp30, NKp44, NKp46 and NKG2D [14] . NKG2D, NKp 30 and NKp46 are expressed on resting NK cells as well as T cells, and their blockage impairs target cells lysis by NK cells [15] - [17] . Until recently their ligands were unknown although it had been suggested that NKp30 and NKp46 interacted with dendritic cells and haemagglutinin, respectively [18] [19] . NKp44 is expressed when NK cells are activated and may enhance killing of targets cells [20] . This is done through ligands that are expressed on HIV infected CD4 T cells and their expression is found to be highly correlated with CD4 T cell decline and increased viral load [21] .
There are equally different groups of inhibitory receptors, killer-cell immunoglobulin like receptors (KIR) with different numbers of immunoglobulin-like domains [22] , such as CD158a (KIR2DLI), CD158b (KIR2DL2) p70 (KIR3DL1) and CD158k, which recognise different alleles of HLA-A, B and C molecules. The ability of these receptors to bind to HLA molecules on the surface of the HIV infected cells may down regulate the the cytolytic function of NK cells.
We previously showed an increase in NK cell activity in asymptomatic HIV-2 infected compared to HIV-1 infected individuals when ex vivo NK cells were stimulated with K562 cells [5] . For this reason, we postulate that the in vitro engagement of stimulating K562 with target NK cells will retain expressions of other activating and inhibitory receptors and there will be differential expressions on the activated NK cells between the two infections.
Methods

The Study Subjects and Blood Samples
Subjects were recruited from a cohort of HIV infected individuals who attend clinic at the MRC Laboratories in Fajara, the Gambia [23] .
Because the most significant functional differences between the two infections in NK cells activity occurred in asymptomatic individuals in our previous study [5] , we recruited 30 HIV-1 and 30 HIV-2 subjects with high CD4-T cell count (>500 cells/μL) who were anti-retroviral therapy (ART) naïve clinically, proven to be free from cases of tuberculosis or any other disease condition. As were expected the HIV-1 subjects had significantly higher mean plasma viral load ( Table 1) . Thirty HIV-negative healthy subjects recruited from the Royal Victoria Teaching Hospital Blood Bank, Banjul, The Gambia were also studied. Peripheral blood mononuclear cells (PBMCs) were derived from 15 ml of blood from these individuals by high density Ficoll separation technique. Samples were taken after obtaining a signed consent forms of the subjects according to the regulation of Gambia Ethical Committee.
Determination of NK Receptor Expressions by Flow Cytometry
Peripheral Blood Mononuclear Cells were stained in 96-well plates and incubated with 5 × 10 3 K562 cells at an E:T ratio of 50:1 with complete R-10 medium and IL-2 as described previously [24] . Our previous study also support the use of 50:1 E:T ratio as appropriate in carrying cytolytic activity of NK cells in PBMCs using K562 cell lines (8) . Negative controls were PBMCs with medium alone. To test other putative receptor expressions during NK cells engagement with target cells, the following antibodies NKp30, NKp44, and NKp46 (R&D systems, UK), CD158a, CD158b and p70 (Beckman Coulter, UK) were used. CD3 and CD56 (BD Biosciences, UK) were also included in the staining panel. The cells were acquired by FACScalibur using Cell Quest Pro software until 300,000 events were collected. There subsequently analysed by FCS Express Software (De novo software).
Statistical Analysis
Statistical analysis was done using Graphpad prism and p < 0.05 was used as significant level. The levels of upregulation or down-regulation of activating and inhibitory receptors on NK cells were analysed in HIV-1 and HIV-2 infected subjects compared with HIV uninfected controls using the unpaired Student t-test, Mann Whitney U test and Kruskal-Wallis test. Data are presented as the mean with standard error.
Results
NK Cell Subsets and Expression of Activating and Inhibitory Receptors
A dot plot of subsets of NK cells represented by CD56 dim and CD56 bright cells analysed from samples obtained from study subjects is shown in Figure 1 (a) using a four-coloured FAScalibur flow cytometry. The expression of activating and inhibitory receptors on NK cells is also shown from the gated population of the CD56 bright and CD56 dim cells. The level of receptor expressions was determined by the differences between cultured PBMCs alone and PBMCs stimulated with K562 cells (Figure 1(b) ). Mostly receptor expression levels were seen to be up-regulated in test samples with K562 cells compared to control samples but in some cases they were downregulated.
Besides exclusive expression of activating or inhibitory receptors by NK cell subsets, smaller number of them expressed both activating and inhibitory receptors (Figure 1(b) ). The expressions of both activating and inhibitory receptors from the NK CD56 dim cells ( Table 2 ) showed significant lower expression of both NKp30/CD158 receptors in HIV-1 (−0.95 ± 0.75) compared to HIV uninfected individuals (0.82 ± 0.39), p = 0.033, but similar to HIV-2 infected subjects (0.36 ± 0.39). The combined expressions of other activating and inhibitory receptors in both CD56 dim and CD56 bright NK cells were similar in HIV-1, HIV-2 and HIV uninfected individuals, p > 0.05. Figure 1 . (a) A combined surface marker staining for NK CD56 dim and CD56 bright subsets. For each subject, PBMCs alone and PBMCs plus K562 cells at a ratio of 50:1 were incubated overnight in 96-well plate at 37˚C; (b) Natural killer cell receptors. NKp30, NKp44, NKp46 and killer cell Immunoglobulin-like (KIR, inhibitory) Receptors, CD158a (KIR2DL1), CD158b (KIR2DL2) and p70 (KIR3DL1) expression on the surface of CD56 dim and CD56 bright NK cells. PBMCs from HIV-1 and HIV-2 infected subjects and HIV uninfected controls were cultured alone (control) and stimulated with K562 cells overnight. Events of 300 000 were acquired by flow cytometry and CD56 dim and CD56 bright cells were gated and analysed. 
Natural Cytotoxicity Receptor Expression on CD56 dim and CD56 bright NK Cells
The levels of expression of natural cytoxicity receptors by both subsets of NK cells were analysed. In the NK CD56 dim population, the up-regulation of the NKp30, NKp44 and NKp46 receptors was found to be similar between HIV-1 and HIV-2 subjects and in the healthy controls (Figures 2(a)-(c) ). The comparison of the expressions of these receptors by NK CD56 bright cells however, showed that NKp44 expression was significantly up-regulated in HIV-2 infected subjects (10.2% ± 4.3%) compared to HIV-1 infected subjects (−0.5% ± 1.9%), p = 0.029 (Figure 3(b) ) and HIV uninfected controls (-1.5% ± 3.0%), p = 0.027. The expression of NKp44 was down-regulated in HIV-1 and HIV uninfected controls, p = 0.79. The NKp46 receptors were also significantly up-regulated in HIV-2 infected subjects (17.9% ± 6.0%) compared to HIV-1 infected subjects (−0.2% ± 5.5%) p = 0.032 (Figure 3(c) ) and were not different from HIV uninfected controls (8.7% ± 2.5%), p = 0.129.
The Inhibitory Receptor Expression by NK Subsets
Although there are several inhibitory receptors on NK cells our choice of receptors was base on some of the most common inhibitory receptors expressions in relation to HIV infection [25] . The expression of inhibitory receptors was generally down-regulated in CD56 dim NK cells (Figures 4(a)-(c) ). The CD158a (KIR3DLI) expression was similar in HIV-1 (−0.2% ± 0.9%) and HIV-2 (−1.9% ± 0.9%), p = 0.77, infected subjects and similar to that of HIV uninfected controls (−1.2% ± 0.7%), p > 0.05. The expression of CD158b (KIR2DL2) NK CD56 dim cells on the other hand was significantly higher in HIV-1 infected subjects (0.5% ± 1.9%) compared to HIV-2 infected subjects (−4.5% ± 1.7%), p = 0.05 whereas the down-regulation of CD158b (KIR2DL2) receptors in HIV-2 infected subjects was similar to HIV uninfected controls (−4.4% ± 1.9%), p = 0.07. The NK CD56 dim cells also showed down-regulation of p70 (KIR3DL1) in both HIV-1 (−1.7% ± 1.0%) and HIV-2 (−1.01% ± 0.5%) infected subjects, p = 0.51, that was again similar to HIV uninfected controls (−1.09% ± 0.6%), p > 0.05.
The expression of inhibitory receptors p70 (KIR3DL1) by CD56 bright NK cells was significantly up-regulated in HIV-1 infected subjects (1.6% ± 0.6%) compared to HIV-2 infected subjects (−0.3% ± 0.4%) p = 0.010 and in HIV uninfected controls (−0.4% ± 0.3%), p = 0.003. The expression in HIV-2 infected subjects was similar to that of HIV uninfected controls, p=0.82, (Figure 5(c) ). However, there was no difference between the expression of CD158a (KIR2DL1) by CD56 bright cells between HIV-1 (0.6% ± 0.8%) and HIV-2 infected subjects (−0.6% ± 1.0%) p = 0.31; which was also similar in HIV uninfected controls (−3.7% ± 2.3%) p = 0.10 ( Figure  5(a) ). Again, CD56
bright NK cells showed similar levels of CD158b (KIR2DL2) between HIV-1 (0.1% ± 0.7%), HIV-2 (−0.04% ± 0.6%) p = 0.84 and HIV uninfected controls (0.03% ± 0.4%) p = 0.86 (Figure 5(b) ).
In summary, the key findings were that expression of NKp44 and NKp46 receptors on NK cells were significantly up-regulated in HIV-2 compared to HIV-1 infected subjects after stimulating with K562 cell lines. This corresponded with significant down-regulation of inhibitory receptors, p70 and CD158b. These findings may support the effective functional activity of NK cells noted in our previous study [5] . 
Discussion
The ability of NK cells to recognise and lyse infected cells and produce effector cytokines depend on the expression levels of both activating and inhibitory receptors on their surfaces. The regulation of some MHC Class I molecules on the surface of the infected cells also contributes to the cytolytic activity of NK cells. The initial ligation of NK cells to infected cells would trigger an effector function if inhibitory receptors were unable to bind to their MHC Class I ligands. In a number of viral infections including HIV some types of MHC Class I molecules are down-regulated and thus protect infected cells from NK cells lysis [26] . Following on from our observation that HIV-2 asymptomatic subjects exert more efficient NK cellular activity than was noted in HIV-1 infected subjects at the same stage of the disease, it was hypothesized that there would be differential levels of activating and inhibitory receptor expressions on NK cells in the two infections. Our results therefore showed higher expression of the natural cytotoxic receptors (NCR) NKp44 and NKp46 by NK cells from HIV-2 compared to HIV-1 infected subjects but that of NKp30 receptors was similar. NKp30 and NKp46 are usually expressed on both resting and activating NK cells, with NKp44 expressed only on activated cells and their surface density has been found to correlate with the magnitude of NK cells cytolytic activity [27] . The expression of NCRs in HIV-2 than in HIV-1 may contribute a lot in maintaining or prolonging asymptomatic condition by enhancing NK cells activity. The differential levels of expression of these activating receptors in the two infections suggest that the type of infection may influence the levels of NK activity. There are many receptors and co-receptors that play a role in NK cell functions. Our studies of receptors in relation to NK cell function in HIV infection were limited because of the restricted availability of reagents. We noted some differences in the levels of expression of inhibitory receptors evaluated. Interestingly, there were two specific inhibitory receptors that were up-regulated in HIV-1 and not in HIV-2 infected subjects. High levels of expression of CD158b and p70 inhibitory receptors in CD56 dim and CD56 bright NK cells in HIV-1 infected subjects respectively may suggest that these are virus-specific effects. The expression of inhibitory receptors has been found to relate directly to high levels of HIV-1 viremia [28] - [30] and may in turn lead to lower cytolytic activity by NK cells. The mechanisms by which the virus is able to circumvent the immune function of the host are not entirely clear but evasion of the host immune system leads to the malfunction and depletion of NK cells. However, our observation that inhibitory receptors expression is higher in HIV-1 infection is consistent with our data that NK cell activity is more effective in asymptomatic HIV-2 infection than in HIV-1 [5] , further highlighting the importance of innate immune responses in the control of HIV infection.
Although we were not able to determine the HLA types of the study subjects, the high levels of p70 and CD158b on NK cells in HIV-1 subjects may suggest a possible protection against rapid disease progression if majority of them belongs to HLA-Bw480I types [25] . However, higher expression of KIR3DS1 in HIV-2 subjects in a data by Yindom et al. [31] could contribute to longer period of non-disease progression. It is therefore likely the symptomatic condition of the HIV-1 subjects may be due to high levels of p70 and CD158b which may be temporary and eventually lead to disease progression.
Conclusion
The levels of expression of activating and inhibitory receptors on NK cells are different between HIV-1 and HIV-2 asymptomatic subjects and the higher levels of functional activity by NK cells from HIV-2 subjects in our previous study may be a reflection of higher expression of NK activating receptors and lower levels of inhibitory receptors in this infection.
